The 0 2-sensitivitiy of N 2-fixation by the carotenoid forming strain Azospirillum brasilense Cd and the colourless strain Sp 7 is com pared in the present communication. As no difference in the reaction is observed with both strains, it is concluded that carotenoids do not protect nitrogenase from damage by 0 2. Azospirillum spp. have also been shown to perform N O '-dependent ^-f i x ation. The physiological properties of this reaction are described in more detail in the present communication. Evidence is presented that NO^-dependent N 2-fixation is a transitory reaction, proceeding only as long as the enzymes o f assimilatory nitrate reduction are synthesized by the cells.
Introduction
The genus Azospirillum is rem ark ab le w ith respect to its m etabolism o f inorganic nitrogen. Second, N O 3 has been show n to su p p o rt n itro g e nase activity of Azospirillum spp. u n d er strictly anaerobic conditions [3, 4] , T hese findings suggested th at N O 3 serves as the term in al resp irato ry electron acceptor, and th at N O^-respiration provides enough energy to support N 2-fixation as it had also b een d e scribed for Rhizobium bactero id s [5] . In contrast, N elson and Knowles [6] , w orking w ith co ntinuous cultures and low levels o f N O 3, could not d etect a coupling betw een N 2-fixation and N O j-resp ira tio n in A. brasilense. In a m ore recent study, B othe et al. [7] dem onstrated th at N O j-resp ira tio n su p p o rted N 2-fixation only in such cells w hich h ad synthesized n i trogenase. N O j-d e p e n d e n t C 2H 2-red u ctio n co m 
Materials and Methods
Two different strains w ere used: the type strain, Azospirillum brasilense Sp 7 (A TC C 29145), and the Cd strain, A. brasilense A T C C 29729. T his carotenoid form ing b acterium originally isolated from Cynodon dactylon in C alifornia [8] was kindly su p plied to us by Dr. Y. O kon, R ehovot. T he starter cul ture was grown for 1 -2 d in the sem isolid N F b m edium [9] supplem ented w ith N H 4C1 (1 g/1). G row th under N 2-fixing conditions was perform ed in the batch culture ap p aratu s described by V olpon et al. [10] using the nitrogen-free liquid m edium B described previously [7] N itrite-content was m easured by the naphth y leth y len ed iam in e/su lp h an ilam id e couple and N H +by Berthelot's n itro p ru ssiate reagent. C o n f o r m ation was followed by gas ch ro m ato g rap h y using a flame ionisation detecto r and a P o rap ak R colum n, and N 20 as well as C 0 2 was d eterm in ed in a gas chrom atograph fitted w ith a th erm al conductivity detector and a P orap ak Q colum n w ith H e as carrier gas. Cell-free nitrogenase extracts w ere p rep ared as described by O kon et al. [11] . The 14 ml assay vessels contained in a final volum e o f 1.35 m l : 6.25 mg crude nitrogenase extract and the follow ing in pmol: H epes-buffer, pH 7. 
Results

A) 0 2-sensitivity o f C2H 2-reduction by Azospirillum brasilense C d and Sp 7
To com pare the 0 2-sensitivity o f C 2H 2-reduction of a red strain o f A. brasilense (C d) w ith th at o f a nonpigm ented strain (Sp 7), b oth w ere grown in a ferm enter under N 2-fixing batch cu ltu re conditions, and nitrogenase activity was assayed at different o p tical densities. Even at low concentrations o f cells, the Cd culture h ad a reddish ap p e aran c e due to the form ation o f carotenoids [2] , w hereas th e Sp 7 strain was always pale brown. (Fig. 3) . T he latter of which was m arginal in controls w ithout N O " in dicating the lim ited respiratory activity due to the lack o f an electron acceptor. N 20 -fo rm a tio n com menced 4 -5 h after the ad d itio n o f nitrate (Fig. 3 ) and thus at a tim e w here C ,H 2-reduction had al ready stopped. T his indicates th at the NO^-concentration in the culture had to reach at least 2 x 10~3 m before N 20 -fo rm a tio n could start (see Fig. 3 The rate is given in nmol C 2H 4 fo rm ed /h x m g protein. For the preparation of the cell-free nitrogenase and the assay conditions see M aterials and Methods.
it was due to N O j-resp ira tio n and not to N 2-fixation. It has not yet been elu cid ated w h eth er N H +-form ation is catalyzed by an enzym e system d ifferen t from that catalyzing N "0 -fo rm a tio n as in Citrobacter sp. [14] . (Fig. 4) . T he concentration o f N H + was negligible in this experim ent (not d o cum ented). N itra te d e pendent C 2H 2-red u ctio n stopped after 5 h w hen the NO-r-content in the dialysis fluid h ad reached 10~3 M. The reaction was term in ated after exactly the sam e tim e in control cultures in w hich the N 0 2-content was not lowered by dialysation. Such controls were a 100 ml culture of the sam e batch, the sam e optical density, the same Erlenm eyer flasks and also otherw ise identical conditions (Fig. 4) 
Discussion
N u r et al. [2] suggested th at carotenoids o f Azo spirillum brasilense Cd play a role in the p rotection o f the sensitive nitrogenase system from d am ag e by oxygen. These au th o rs also observed a clear rela tio n ship betw een the carotenoid content in A. brasilense Cd and the 0 2-content in the grow th m ed iu m [16] . The present com m unication, how ever, indicates th a t A. brasilense, th o u g h form ing carotenoids, does not tolerate higher levels o f 0 2 th an strain Sp 7 in n i trogen fixation (C 2H 2-reduction). D ifficulties also have to be encountered to explain the m echanism by which carotenoids could protect nitrogenase. In photosynthesis, carotenoids are know n to function against p h otooxidative dam age [17] , T he chlorophyll m olecule m ay irreversibly be destroyed by 0 2 in the excited triplet state, obtained by illum ination w ith high light intensities. Strong light m ay also cause a photoreaction o f other m olecules w ith 0 2 and th e generation of superoxide and peroxide radicals which may destroy structures unspecifically. C a ro tenoids can protect these m olecules by dissipatin g excess o f light qu an ta from photolabile com pounds. It has been dem onstrated that photosynthesis is m ore resistent to illum ination by strong light in such o r ganism s w hich synthesize carotenoids th an in those w ithout these isoprenoids [18, 19] .
Protection of nitrogenase from dam age by 0 2, however, requires a q u an titativ e rem oval o f 0 2 from the nitrogenase site, in the dark. It is difficult to con ceive how carotenoids can fulfil such a function. (Table I) . G enerally, ab o u t ten fold higher concentrations o f an in h ib ito r are required to block an enzyme reaction in intact cells as com pared to cell-free conditions. Previous w ork had shown th at N O j-dependent nitrogenase activity can proceed at N 0 2-concentrations up to 5 x 10~3 m under different experim ental conditions [3, 4] , As pointed out p re viously [3. 4] , Azospirillum possesses a m echanism to exclude deleterious am ounts o f N 0 2. This is p ro b ably achieved by an active N O j excretion process. T he am ount o f N H + form ed was sm aller than th at o f N 0 2, and the concentration o f NH + which affected cell-free nitrogenase was even higher than th at o f NO-t (Table I) . T hus oth er factors besides N H + a n d N O jm u st be responsible for th e term ination o f N O jdependent C 2H 2-reduction. Previous experim ents [7] had 
